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Abstract
Background: Acute myocardial infarction (AMI) poses a severe threat to the
health and quality of life of elderly individuals. Previous studies have identified
low-density lipoprotein cholesterol (LDL-C) as an independent risk factor for
AMI, and increased uric acid levels are associated with decreased high-density
lipoprotein cholesterol (HDL-C) and AMI. However, research on the association
between cumulative LDL-C exposure, uric acid/HDL-C ratio (UHR), and the
occurrence of AMI in the elderly remains limited.

Objective: To investigate the predictive value of cumulative LDL-C exposure,
UHR, and their combination for the occurrence of AMI in elderly patients.

Methods: We retrospectively enrolled 737 elderly patients diagnosed with AMI
at Subei People’s Hospital from January 2019 to December 2023 as the exper-
imental group, and 260 elderly patients admitted during the same period but
without AMI as the control group. General patient information and laboratory
indicators were collected, and cumulative LDL-C exposure and UHR values were
calculated. Univariate and multivariate logistic regression analyses were used to
screen for independent risk factors for AMI in the elderly. Receiver operating
characteristic (ROC) curves were plotted for cumulative LDL-C exposure, UHR,
and their combination to predict AMI occurrence in the elderly, and the area
under the ROC curve (AUC) was calculated to evaluate the predictive efficacy.

Results: The experimental group showed statistically significant differences
compared with the control group in gender, smoking history, alcohol abuse his-
tory, hypertension history, type 2 diabetes history, BMI, glycated hemoglobin
A1c, white blood cell count, neutrophil count, monocyte count, triglycerides,
total cholesterol, HDL-C, LDL-C, lipoprotein(a), uric acid, cumulative LDL-C
exposure, UHR, apolipoprotein A1, and albumin (P<0.05). Multivariate logistic
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regression analysis revealed that male gender (OR=3.026, 95%CI=1.769~5.178,
P<0.001), type 2 diabetes history (OR=4.834, 95%CI=2.882~8.109, P<0.001),
and elevated levels of white blood cell count (OR=1.580, 95%CI=1.368~1.825,
P<0.001), LDL-C (OR=3.801, 95%CI=2.712~5.327, P<0.001), cumulative
LDL-C exposure (OR=1.898, 95%CI=1.042~3.457, P=0.036), and UHR
(OR=10.658, 95%CI=5.147~22.069, P<0.001) were independent risk fac-
tors for AMI in the elderly, whereas high levels of HDL-C (OR=0.426,
95%CI=0.184~0.986, P=0.046) and albumin (OR=0.989, 95%CI=0.979~0.999,
P=0.031) were independent protective factors. ROC curve analysis showed
that the AUCs for cumulative LDL-C exposure and UHR in predicting
AMI occurrence in the elderly were 0.726 (95%CI=0.691-0.761) and 0.700
(95%CI=0.663-0.737), respectively, with sensitivities of 0.696 and 0.742, speci-
ficities of 0.650 and 0.607, and cutoff values of 214.86 and 317.06, respectively.
The combined AUC was 0.813 (95%CI=0.784-0.842), with a sensitivity of 0.723
and specificity of 0.730.

Conclusion: Type 2 diabetes history and elevated levels of white blood cell
count, LDL-C, cumulative LDL-C, and UHR are independent risk factors for
AMI in the elderly, while high levels of HDL-C and albumin are independent
protective factors. Cumulative LDL-C, UHR, and their combination can serve
as effective early biomarkers for identifying AMI occurrence in the elderly.
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Abstract

Background: Acute myocardial infarction (AMI) poses a significant threat
to the health and quality of life of elderly individuals. Previous studies have
identified low-density lipoprotein cholesterol (LDL-C) as an independent risk
factor for AMI, while increased uric acid and decreased high-density lipoprotein
cholesterol (HDL-C) are also associated with AMI. However, research on the
relationship between cumulative LDL-C exposure, the uric acid/HDL-C ratio
(UHR), and AMI occurrence in the elderly remains limited.

Objective: To investigate the predictive value of cumulative LDL-C exposure,
UHR, and their combination for AMI occurrence in elderly patients.

Methods: We retrospectively enrolled 737 elderly patients diagnosed with AMI
at Northern Jiangsu People’s Hospital between January 2019 and December
2023 (experimental group) and 260 elderly patients admitted during the same pe-
riod without AMI (control group). Baseline demographic data and laboratory
parameters were collected, and cumulative LDL-C exposure and UHR values
were calculated. Univariate and multivariate logistic regression analyses were
performed to identify independent risk factors for AMI in the elderly. Receiver
operating characteristic (ROC) curves were plotted for cumulative LDL-C expo-
sure, UHR, and their combined prediction of AMI, with area under the curve
(AUC) calculated to assess predictive efficacy.

Results: The experimental and control groups showed statistically significant
differences in gender, smoking history, alcohol abuse history, hypertension
history, type 2 diabetes history, BMI, glycated hemoglobin A1c, white blood
cell count, neutrophil count, monocyte count, triglycerides, total cholesterol,
HDL-C, LDL-C, lipoprotein(a), uric acid, cumulative LDL-C exposure, UHR,
apolipoprotein A1, and albumin (P<0.05). Multivariate logistic regression
revealed that male gender (OR=3.026, 95%CI=1.769–5.178, P<0.001), type
2 diabetes history (OR=4.834, 95%CI=2.882–8.109, P<0.001), and elevated
levels of white blood cell count (OR=1.580, 95%CI=1.368–1.825, P<0.001),
LDL-C (OR=3.801, 95%CI=2.712–5.327, P<0.001), cumulative LDL-C ex-
posure (OR=1.898, 95%CI=1.042–3.457, P=0.036), and UHR (OR=10.658,
95%CI=5.147–22.069, P<0.001) were independent risk factors for elderly AMI.
In contrast, high HDL-C (OR=0.426, 95%CI=0.184–0.986, P=0.046) and albu-
min (OR=0.989, 95%CI=0.979–0.999, P=0.031) were independent protective
factors. ROC analysis showed that cumulative LDL-C exposure and UHR
predicted elderly AMI with AUCs of 0.726 (95%CI=0.691–0.761) and 0.700
(95%CI=0.663–0.737), sensitivities of 0.696 and 0.742, specificities of 0.650
and 0.607, and cutoff values of 214.86 and 317.06, respectively. The combined
model achieved an AUC of 0.813 (95%CI=0.784–0.842) with sensitivity of 0.723
and specificity of 0.730.

Conclusion: Type 2 diabetes history and elevated levels of white blood cell
count, LDL-C, cumulative LDL-C exposure, and UHR are independent risk fac-
tors for elderly AMI, while high HDL-C and albumin are independent protective
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factors. Cumulative LDL-C exposure, UHR, and their combination can serve
as effective early biomarkers for identifying elderly AMI occurrence.

Keywords: Acute myocardial infarction; Cumulative low-density lipoprotein
cholesterol exposure; Uric acid to high-density lipoprotein cholesterol ratio; El-
derly; Risk assessment

Introduction

Acute myocardial infarction (AMI) represents a critical and severe manifestation
of cardiovascular disease in elderly populations, with its pathological basis being
acute coronary artery occlusion that leads to sudden interruption of myocardial
blood supply and irreversible myocardial cell damage or necrosis [1]. The classic
presentation involves sudden, persistent crushing chest pain behind the sternum
or in the precordial area, often accompanied by a sense of impending death
and dyspnea. Given its high morbidity and mortality, timely and accurate
detection is crucial for improving patient outcomes. However, many elderly
patients present with atypical symptoms, diminished pain perception, or initial
manifestations of heart failure or cardiogenic shock, which significantly increases
the risk of misdiagnosis and delays optimal treatment. Therefore, exploring
reliable biomarkers for early screening and prediction of AMI in high-risk elderly
populations holds important clinical value.

Low-density lipoprotein cholesterol (LDL-C) is a well-established risk factor for
cardiovascular disease [2], with substantial evidence demonstrating that elevated
circulating LDL-C levels are positively correlated with the formation and pro-
gression of coronary atherosclerotic plaques [3]. Currently, monitoring LDL-C
levels constitutes a core strategy in dyslipidemia treatment guidelines both do-
mestically and internationally [4]. Dyslipidemia accelerates atherosclerosis, as
LDL-C promotes deposition of apolipoprotein B-containing lipid particles in ar-
terial walls by damaging vascular endothelial and smooth muscle cell function,
thereby accelerating the atherosclerotic process. As plaque burden progressively
increases, it may ultimately lead to acute cardiovascular events [5]. In 2024, Fer-
ence et al. [5] proposed the concept of cumulative LDL-C exposure, which can
be conveniently calculated using baseline LDL-C values and age. Studies have
shown that cumulative LDL-C exposure is positively correlated with the sever-
ity of coronary artery disease in patients with acute coronary syndrome (ACS)
[6].

Uric acid (UA) is closely associated with cardiovascular disease (CVD). As an
effective oxygen scavenger, UA’s antioxidant effects can prevent metabolic dis-
orders, but excessive UA promotes LDL-C oxidation and modification, thereby
exacerbating atherosclerosis [7]. High-density lipoprotein cholesterol (HDL-C) is
an essential component of lipid metabolism and has long been considered protec-
tive against coronary atherosclerosis. Research indicates that the combination
of low HDL-C and hyperuricemia may exert additive detrimental effects on the

chinarxiv.org/items/chinaxiv-202509.00080 Machine Translation

https://chinarxiv.org/items/chinaxiv-202509.00080


cardiovascular system by synergistically promoting insulin resistance and en-
dothelial oxidative damage [8]. The recently proposed uric acid to HDL-C ratio
(UHR) serves as a novel metabolic-inflammatory composite indicator that has
been shown to be closely associated with various glucose and lipid metabolism
disorders and their prognosis [9]. However, its relationship with AMI occurrence
and development in the elderly has not been systematically reported.

Cumulative LDL-C exposure reflects long-term atherosclerotic risk [6], while
UHR assesses immediate metabolic disturbance and inflammatory status. Their
combination may provide more comprehensive cardiovascular risk prediction:
high UA promotes LDL oxidation, while HDL dysfunction exacerbates vascu-
lar injury, creating a synergistic pathogenic effect [8]. This study innovatively
incorporates both cumulative LDL-C exposure and UHR to explore their com-
bined value, addressing the limitations of single indicators and providing a new
strategy for risk stratification. Combined testing can evaluate both chronic
cumulative risk and identify acute metabolic abnormalities, holding significant
potential for clinical translation.

Methods

1.1 Study Population We retrospectively enrolled 737 elderly patients diag-
nosed with AMI at Northern Jiangsu People’s Hospital from January 2019 to
December 2023 (experimental group) and 260 elderly patients admitted during
the same period without AMI (control group). The control group included 160
patients with coronary heart disease (CHD) and 100 non-CHD patients. Inclu-
sion criteria were: (1) age ≥ 60 years; (2) for the experimental group, AMI
diagnosis according to the “Guidelines for the Rapid Diagnosis and Treatment
of Acute Coronary Syndrome (2019)”[10] criteria for both ST-elevation and
non-ST-elevation myocardial infarction; (3) completion of coronary angiogra-
phy, with CHD diagnosis defined as $�$50% stenosis in any coronary artery or
its major branches; (4) complete clinical data. Exclusion criteria included: (1)
regular use of anticoagulant or antiplatelet drugs for CHD secondary preven-
tion; (2) prior use of lipid-lowering medications such as statins or fibrates; (3)
non-obstructive AMI due to coronary myocardial bridging or vasospasm; (4)
severe hepatic or renal dysfunction; (5) severe heart failure, cardiogenic shock,
or other organic heart diseases such as valvular heart disease, malignant ar-
rhythmia, or history of cardiac surgery; (6) hyperthyroidism, severe infection,
malignant tumors, autoimmune diseases, or hematological disorders.

Standard definitions were applied: (1) smoking history defined as >1 cigarette
daily for $�$6 months; (2) alcohol abuse defined as $�$20 g ethanol daily for
men and $�$10 g for women [11]; (3) hypertension diagnosed as systolic blood
pressure $�$140 mmHg (1 mmHg=0.133 kPa) and/or diastolic blood pressure
$�$90 mmHg on three non-consecutive measurements [12]; (4) diabetes diag-
nosed according to the “Chinese Guidelines for the Prevention and Treatment
of Diabetes Mellitus (2024 Edition)”[13]; (5) cumulative LDL-C exposure cal-
culated as baseline LDL-C (mmol/L) × age (years) [6]; (6) UHR calculated as
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uric acid (�mol/L)/HDL-C (mmol/L).

1.2 Data Collection Baseline data were collected through the electronic med-
ical record system, including gender, age, smoking history, alcohol abuse history,
hypertension history, and diabetes history. Venous blood samples were collected
immediately after admission for hemoglobin, white blood cell count, and other
routine blood parameters. After 12 hours of fasting, venous blood was collected
the following morning to measure fasting blood glucose and lipid profiles. Left
ventricular ejection fraction was precisely assessed using the biplane Simpson
method.

1.3 Statistical Analysis Statistical analysis was performed using SPSS 27.0
software. The Kolmogorov-Smirnov test was used to assess normal distribu-
tion of continuous variables. Normally distributed data were expressed as
mean ± standard deviation (x̄±s) and compared between groups using t-tests.
Non-normally distributed data were expressed as median (interquartile range)
[M(P25, P75)] and compared using rank-sum tests. Categorical data were ex-
pressed as proportions and compared using �2 tests. Univariate and multivariate
logistic regression analyses were conducted to identify independent risk factors
for elderly AMI. ROC curves were plotted to evaluate the predictive value of cu-
mulative LDL-C exposure, UHR, and their combination, with AUC calculated.
Statistical significance was defined as P<0.05.

Results

2.1 Comparison of Baseline Characteristics A total of 997 patients were
included (666 males [66.8%] and 331 females [33.2%]), with a median age of 75
(68, 81) years. The experimental and control groups showed significant differ-
ences in gender, smoking history, alcohol abuse history, hypertension history,
type 2 diabetes history, BMI, glycated hemoglobin A1c, white blood cell count,
neutrophil count, monocyte count, triglycerides, total cholesterol, HDL-C, LDL-
C, lipoprotein(a), uric acid, cumulative LDL-C exposure, UHR, apolipoprotein
A1, and albumin (P<0.05). Specifically, the experimental group had higher
BMI, glycated hemoglobin A1c, white blood cell count, neutrophil count, mono-
cyte count, triglycerides, total cholesterol, LDL-C, lipoprotein(a), uric acid, cu-
mulative LDL-C exposure, and UHR, but lower HDL-C, apolipoprotein A1, and
albumin compared to the control group (P<0.05). No significant differences
were observed between groups in age, admission systolic/diastolic blood pres-
sure, left ventricular ejection fraction, fasting blood glucose, hemoglobin, lym-
phocyte count, platelet count, apolipoprotein B, or blood potassium (P>0.05)
.

2.2 Univariate and Multivariate Logistic Regression Analysis of AMI
Risk Factors Using elderly AMI occurrence as the dependent variable (yes=1,
no=0) and gender, smoking history, alcohol abuse history, hypertension his-
tory, type 2 diabetes history, BMI, glycated hemoglobin A1c, white blood cell
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count, neutrophil count, monocyte count, triglycerides, total cholesterol, LDL-
C, HDL-C, lipoprotein(a), apolipoprotein A1, albumin, uric acid, cumulative
LDL-C exposure, and UHR (all as continuous variables except where specified)
as independent variables, univariate logistic regression identified gender, smok-
ing history, alcohol abuse history, hypertension history, type 2 diabetes history,
and elevated BMI, glycated hemoglobin A1c, white blood cell count, monocyte
count, LDL-C, lipoprotein(a), uric acid, cumulative LDL-C exposure, and UHR
as risk factors, while high HDL-C, apolipoprotein A1, and albumin were protec-
tive factors (P<0.05) .

Multivariate logistic regression analysis incorporating significant univariate
factors revealed that male gender (OR=3.026, 95%CI=1.769–5.178, P<0.001),
type 2 diabetes history (OR=4.834, 95%CI=2.882–8.109, P<0.001), and
elevated white blood cell count (OR=1.580, 95%CI=1.368–1.825, P<0.001),
LDL-C (OR=3.801, 95%CI=2.712–5.327, P<0.001), cumulative LDL-C ex-
posure (OR=1.898, 95%CI=1.042–3.457, P=0.036), and UHR (OR=10.658,
95%CI=5.147–22.069, P<0.001) were independent risk factors for elderly
AMI. High HDL-C (OR=0.426, 95%CI=0.184–0.986, P=0.046) and albumin
(OR=0.989, 95%CI=0.979–0.999, P=0.031) were independent protective factors
.

2.3 ROC Curve Analysis of Cumulative LDL-C Exposure, UHR,
and Their Combination ROC curve analysis demonstrated that cumula-
tive LDL-C exposure and UHR predicted elderly AMI with AUCs of 0.726
(95%CI=0.691–0.761) and 0.700 (95%CI=0.663–0.737), sensitivities of 0.696
and 0.742, specificities of 0.650 and 0.607, and cutoff values of 214.86 and 317.06,
respectively. The combined model achieved an AUC of 0.813 (95%CI=0.784–
0.842) with sensitivity of 0.723 and specificity of 0.730 [Figure 1: see original
paper].

Discussion

Cardiovascular disease represents a major global public health challenge, posing
a serious threat to human health. According to the latest American Heart As-
sociation data, CVD has surpassed cancer as the leading cause of death, with
a prevalence of 20% among US adults over 48.6 years [14]. Both mortality and
disability rates remain high, particularly in elderly populations. In China, the
incidence of coronary atherosclerotic heart disease continues to rise, with AMI
being one of its most severe clinical manifestations [15]. The pathophysiologi-
cal process begins with atherosclerosis progression, characterized by abnormal
deposition of lipids, cholesterol, and cellular debris in the coronary artery in-
tima, ultimately leading to severe luminal narrowing or complete occlusion and
significantly reduced or interrupted myocardial perfusion [16]. Therefore, in-
vestigating the pathogenic mechanisms of elderly AMI, optimizing primary and
secondary prevention strategies for coronary heart disease, effectively delaying
coronary artery disease progression, and improving long-term clinical outcomes
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have become critical scientific challenges in cardiovascular medicine.

Our study confirmed that elevated cumulative LDL-C exposure (OR=1.898,
95%CI=1.042–3.457) and UHR (OR=10.658, 95%CI=5.147–22.069) are inde-
pendent risk factors for elderly AMI. Dyslipidemia is a key driver of coronary
atherosclerosis initiation and progression, and elderly individuals may experi-
ence exacerbated lipid metabolism disorders due to age-related decline in hep-
atic metabolic function, thereby promoting atherosclerosis development. LDL-
C, a low-density lipoprotein molecule rich in cholesterol and cholesterol esters,
serves as the primary atherogenic lipoprotein that accelerates coronary artery
disease by promoting cholesterol deposition in vascular walls [17]. The recently
proposed concept of cumulative LDL-C exposure has been utilized as an im-
portant biomarker for assessing atherosclerosis progression. This indicator not
only reflects cumulative plaque burden but also monitors plaque progression
rate and predicts the absolute risk of coronary events at specific time points
[5]. Reducing cumulative LDL-C exposure decreases the number of atherogenic
lipoproteins trapped within arterial walls, thereby slowing atherosclerosis pro-
gression and substantially lowering lifetime risk of atherosclerotic cardiovascular
events. Hao et al. [6] demonstrated in an ACS cohort that estimated cumulative
LDL-C exposure was significantly positively correlated with coronary artery dis-
ease severity and independently predicted major adverse cardiovascular events
(MACEs). This suggests that when LDL-C accumulation reaches a threshold
level, arterial plaque burden significantly increases the risk of vascular stenosis
and plaque rupture. Furthermore, the cumulative effect of LDL-C manifests
not only as simple lipid deposition but also through promotion of chronic in-
flammatory responses and oxidative stress, causing endothelial dysfunction and
reduced plaque stability, creating a vicious cycle.

UHR, as the ratio of UA to HDL-C, is now recognized as a novel metabolic
and inflammatory marker. Numerous studies have demonstrated strong corre-
lations between UHR and CVD, including atherosclerosis [18], ischemic heart
disease [19], hypertension [20], and AMI [8]. Elevated UA can cause atheroscle-
rosis by damaging vascular walls and is closely associated with hypertension,
dyslipidemia, and insulin resistance [21]. At the molecular level, UA induces
endothelial dysfunction by enhancing endothelial nitric oxide synthase phospho-
rylation and mediating endoplasmic reticulum stress [9]. When the intracellular
environment changes, UA transforms into a pro-oxidant that accelerates coro-
nary atherosclerosis progression. Among various lipoprotein classes, HDL-C is
inversely correlated with atherosclerosis incidence. The cholesterol efflux capac-
ity of HDL-C enables it to remove excess cholesterol from macrophages through
reverse cholesterol transport and promote its excretion from the body via bile
[22]. HDL-C particles in AMI patients exhibit insufficient anti-atherosclerotic
activity, which may include impaired macrophage cholesterol efflux and compro-
mised antioxidant, anti-apoptotic, and vasodilatory functions. In a prospective
study, researchers found that each 1 mg/dl (0.026 mmol/L) increase in HDL-C
level reduced cardiovascular disease risk by 2–3% [23]. Our results showed that
each unit increase in UHR increased elderly AMI risk by approximately 10.658-
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fold. Yang et al. [24] similarly identified UHR as a risk factor for AMI, with
AMI risk increasing as UHR levels rose. Additionally, UHR is associated with
CVD prognosis. Li et al. [9] analyzed NHANES data and found UHR to be
a strong predictor of cardiovascular mortality in the general population, with
the highest UHR quintile showing a hazard ratio of 1.2 (95%CI=1.00–1.45) for
CVD death after adjusting for confounders.

This study also confirmed that traditional risk factors such as type 2 diabetes
mellitus (T2DM) and LDL-C are significantly associated with elderly AMI, while
HDL-C and albumin are independent protective factors. T2DM is a major risk
factor for CHD, as T2DM patients are more prone to vascular endothelial dys-
function due to chronic inflammation, oxidative stress, and metabolic disorders,
thereby promoting atherosclerosis progression [25]. Inflammatory responses
drive coronary artery disease development, and white blood cell count serves
as a direct indicator of inflammatory processes. Inflammation causes vascular
endothelial injury and recruits immune cells that coordinate early atheroscle-
rotic lesions by releasing pro-inflammatory cytokines, accelerating foam cell for-
mation, causing intraplaque hemorrhage, secreting matrix-degrading enzymes,
and promoting lesion progression, ultimately leading to severe coronary dis-
ease through various inflammatory cascades [26]. Albumin, the most abundant
circulating protein in blood, possesses anti-inflammatory, antioxidant, and an-
tithrombotic properties, with substantial evidence supporting its role as a strong
cardiovascular risk predictor across multiple patient populations [27]. In a study
of 4,506 individuals followed for 22 years, researchers found that lower serum al-
bumin concentration was positively correlated with AMI risk [28]. After adjust-
ing for risk factors, serum albumin remained an independent protective factor
for AMI.

Our ROC curve analysis demonstrated that cumulative LDL-C exposure and
UHR predicted elderly AMI with AUCs of 0.726 and 0.700, respectively, indi-
cating good predictive value. These results confirm the important role of these
novel markers in AMI development. Notably, combining both markers signifi-
cantly improved predictive efficacy (AUC=0.813), achieving similar sensitivity
(72.3%) while increasing specificity to 73.0%. This combined testing approach
demonstrates superior discriminatory ability compared to single markers and
provides a more reliable assessment tool for early screening and risk stratifica-
tion of AMI in elderly populations, holding important clinical application value.

Conclusion

Cumulative LDL-C exposure and UHR are closely associated with elderly AMI
occurrence. This combined indicator has important clinical application value
and can provide reliable evidence for early screening of high-risk elderly AMI
populations. However, as a single-center retrospective analysis, this study has
limitations in sample representativeness and confounding factor control. Future
research should expand sample size through multicenter collaboration, extend
follow-up duration, perform multiple precise lipid measurements, and incorpo-
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rate more potential influencing factors.
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